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ABSTRACT

WATER PERMEABILITY OF ISOLATED
TISSUES FROM THREE SPECIES OF DECAPOD CRUSTACEANS WITH
RESPECT TO OSMOTIC CONDITIONS AND EFFECTS OF

NEUROENDOCRINE FACTORS

by
ANGELA CRISTINI CANTEIMO
Advisor: Dr. Linda Mantel

The diffusional permeability to water of the gill, gut, and
miscle tissues of three species of decapod crustaceans, (Cancer

irroratus, Callinectes sapidus, and Libinia emarginafa) was measured

using THO (tritiated water). C. irroratus and C. sa?idus were
acclimated to 100% and 40% sea water, L. emarginata were maintained
"in 1004 sea water. Results were expressed as % saturation values,
that is the amount of THO found on the hemolymph side of the tissue,
compared to the initlal amount of THO in the outside medium, which was
considered to be 100%. '

G111 and gut tissues of C. irroratus and C. sapidus acclimated
to 104 sea water have per cent saturation values that are significantly
lower than those of the same species acclimated to 100% sea water.
Thus, C. irroratus and C. sapidus can reduce the permesbility of
their tissues to water on acclimation to a lower salinity. Within

each acclimation group, there are no significant differences in THO



N
influxes between the gill and gut tissues exposed to water at the
salinity of acclimation and the gill and gut tissues exposed to water
at 10% of the acclimation salinity. However, the THO uptake of the
muscle tissue of all ﬁhree apecles of decapods subjected to a stress
of 10% of the salinity of acclimation is significantly higher than the
THO uptake of the muscle tissue not subjected to a stress. The THO
influx across the gill and gut tissues of L. emarginata andlg; ségidus
is reduced in the winter, which corresponds to the seasonal reduction
in general activity of both species.

The diffusional permeabllity to water was measured for the gill
and gut tissues of C. sapidus and L, eﬁarginata in the presence and
abzence of neurohormonal factors. Neuroendocrine extracts from the
thoracic ganglionic mass and the eyestalks reduce the permeability

to water of gill and gut tissues of both species. ILibinia emarginata

and Callinectes sapidus scclimated to 100% sea water have hormonal

factors present in their neuroendocrine tissues that reduce the THO
influxes of the epithelial tissues such as the gill and gut. The
extracts of neuroendocrine tissues from C. sapidus acclimated to 404
sea water appear to effect the greatest reduction in permeability to
water. The neuroendocrine factors are not species specific in their
action. The gill tissue exhibits a greater response to the neuro-

hormonal factors than does the gut tissue,
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11
- INTRODUCTION

One of the most important relationships between a marine or
estuarine organism and its environment concerns the organism's
hydromineral balance, Estuarine organisms that enter water of low
salinities must actively reguiate their content of salt and water
in order to avoid fatal dilution of their tissues. Additionally, in
crustaceans, at the time of ecdysis, the regulation of salt and water
balance becomes particularly important because of the need to take up
water for successful molting and growth. Precise hydromineral regu-
lation necessery for ionic homeostasis and molting has been shown to
be under hormonal control (Bliss et al, 19663 Mantel, 1968;

Kamemoto and Tullis, 1972; Fingerman and Heit, 1975). However, many
questions regarding hydromineral regulation in decapod crustaceans and
the effect of neurohormones thereon remain unanswered.

Decapod crustaceans inhabit many environments end exhibit a wide
variety of osmoregulatory capabilities., Stenohaline forms that are
usually restricted to a marine environment have no osmoregulatory
capacity and are osmoconformers. The more euryhaline forms inhabit
the estuaries and are capable of vérying degrees of esmoregulation.

There is a great deal of descriptive material on the osmoregu-
latory ability of many different species of crustaceans. However,
less information is available concerning the mechanisms of osmoregu-
lation, Studles establishing the osmoregulatory abilities of

estuarine decapods have been reviewed by Potts and Parry (1964),
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TLockwood (1968), Schoffeniels and Gilles (1970) and Kinnme (1971).
Many workers have shown that estuarine decapodé‘ subjected to a
hyposmotic stress are gble to withstand dilution and are able to
maintain the concentration of ions in the hemolymph above that of their
environment (Mantel, 1967; Gross, 196k; Lockwood, 1965; Cantelmo et al,
1975). In order to accomplish this, the‘orga.n:lsm must actively take
up ions from the medium. The active uptake of ione was first demon-
strated by Nagel (1934). His classic experiment showed conclusively

that the euryhaline crab Cxarcinus mae‘n‘a‘s wags able to take up C1°

against a concentration gradient. Krogh (1938) showed that the

" decapod Efiocheir sinensus could take up Nat axid C1l™ independently

from dilute media.

Since the active uptake of ions was first demonstrated, there has
been considerable research dealing with the sites and rates of trans-
port. The gills of crustaceans have long been thought to be the
primary sites for active transport. Croghan (1958) found that the
gills of the brine shrimp, Artemia selina, stained with AgNO; this
suggested that a high concentration of C1l” was present. He also found

that when the gill tissue was destroyed the animels could no longer
osmoregulate, Mantel (1967) studied the radioactive ion fluxes and

potential differences acrosé the gills of Callinectes sapidus., She

demonstrated, by means of potential differences, that active transport
was taking place across the gills, She also showed that the rates of

flux of Nat and C1~ varied with the salinity to which the animals were
acclimated. Histological studies such as the one performed by Copeland

(1964) indicate that the gill tissues of osmoregulating crabs are the
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type that are usually assocliated with active transport. The cells of
the gill lamellae have numerous mitochondria, a large amount of rough
endoplasmic reticulim; they also possess more highly organized miero-'
tubules than do somatic cells.

The ATPase enzyme system has been suggested as the enzymatic basis
for Nat and K?¥ transport in crustacean tissues. Quinn and Lane (1966)
have indicated that a Nat and K¥ stimulated system in gill homogénates

of the land crab Cafdi‘soma guanhuml participates in lonic regulation.’

Both Mantel (1976) and Towle (1976) have demonstrated that the Nat,
kKt , activated ATPasa activity in fhe gill tissues of Callihectes
sapidus is much higher when the crabs are acclimated to a low salinity
then when they are in full sea water. This indicates a greater amount
of active transport in these tissues when the animals are osmoregu-
lating.

There have been many studies that suggest that the erustacean gut
is alego an ionically active tissue. Dall (1965, 1967) has studied the
gut of shrimp and crabs with respect to ion regulatioh. Heeg and
Cannone (1966) found that the hind gut of two species of crabs is in-
volved in osmoregulation. Mantel (1968) found that the forgut of

Gecarcinus 1atera1:l‘s is an osmotically active tissue that is permeable

to both water and salts. Thus it seems that tissues forming the
. boundaries between the orgé.nism and its enviromment are the osmotically
active tissues in an animal.

Another important mechanism to prevent excess loss of salts and
uptake of water as & result of estuarine penetration is to reduce the
integumental permeability to saj.ts and water. This has been well

documented in the case of salte by Nagel (193&)‘and Gross (1957).
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They showed that marine crabs are much more permesble to salts than
are euryhaline estuarine decapods. Rudy (1967), Smith (1967, 1970),
Smith and Rudy (1972), Capen (1972), and Hannen and Evans (1973)
stud?.e&_i the decrease in diffusional permeé,bility to water in erus-
taceans exposed to dilute salinities, There have been some conflicting
results, perhaps because of a small isoﬁope effect between two differ-
ent tracers and different experimentsl temperatuies (Smith and Rudy,
1972). However, it has been demonstrated that & variety of euryhaline

crustaceans (i.e. Carcihua meanus, Rhithroﬁanopeus harris‘ii, Hemigrapus

nudus, ' and Liniulus pollyphemu's) are capable of decreasing their "ap-

parent permeability" to water upon exposure to a hyposmotic medium,
The experiments conaisted of placing the whole animal into a large
bath containing radioactively labeled water for a period of time and
measuring the radioactivity in samples of hemolymph. The reduced ex-
change of water that was cbserved in these experiments' could have re-
sulted from a reduction in epithelial permeability to water. However,
reduction in circulation of blood to the gills or reduction in irri-
gation of the gills could also result in less radioactive label enter-
ing the hemolymph. Thus, the term "apparent permeability" was used
(Smith, 1967). In these studies, diffusional fluxes of water were
measured in whole animals, but permeability of the different tissues
during the salinity stress was not examined. As mentioned ablve, the
main sites of ionic activity assoclated with hyperosmoregulation are
the epithelial tissues such as the gill and gut., It is also likely
that these tissues are involved in the movement of water and ions at

all times and in all énvironments. Thus exemination of the perme-
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ability to water of these tissues should add to the understanding of
the mechanisms necessary for survival in a marine or estuarine en-
vironment.

Intracellular homeostasis requires a constant lonic composition
within cells, Cellular volume must be regulated in order to prevent
lysis on exposure to a reduced salinity. Therefo:e, ionic and osmotic
regulation is necessary and important at the cellular level, The
adaptation of.cells to changes in osmotic concentrations has been
termed intracellular isosmotic regulation. Lang and Gainer, (1969),
Gilles (1972), Gerard and Gilles (1972), and Haberfield and Hass
(1975) have all exsmined the volume changes in isolated muscle and
nerve'fibe:s of different euryhaline crustaceans subjected to a
salinity stress. All of the tissues showed an initial increasse in
volume, then later, after a peiiod of time, returned toward the in-
itial volume. Studies have shown that amino acid pools play an
important role in regulation of volume and osmotic equilibrium between
the cells and surrounding fluid in euryhaline regulators. Gerard and
Gilles (1972) and Gerard (1975) have demonstrated that excretion of
free amino acids from cells is an active process, which decreases the
cellular osmotic pressure and allows osmotic equlibrium to be main-
tained, Most of these studies have examined the amino acid concen-
tration of various tissues or the volume changes of nerve and muscle
fibers. To date there have been no studies that have examined the
permeability to water of both the epithelial and internal tissues.

All of the studies discussed above reveal a falrly comprehensive

description and some understanding of the processes involved in
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hydromineral regulation. However, they do not take into account
possible neuroendocrine controls of sialt and water balance.

As early as 1947, Scudamore reported that removal of eyestalks or
sinus glands from crayfish resulted in an increase in water content of
the animals; these changes could be corrected by implantation of the
sinus gland., Since that time, many workers have studied the neuroen-
docrine control of salt and water balance in decapod crustaceans
including Carlisle (1955); Bliss et al. (1966); Kamemoto et al. (1966);
Skinner et al. (1965); Kememoto and Tullis (1972); Tullis and Kamemoto
(1973); Mantel (1968); Tullis (1974); and Mantel et al. (1975).
Kamemoto and Tullis (1972) studied the neuroendocrine controls of salt
and water regﬁlation'in intermolt specimens of fresh water crayfish.
They injected fractionated extracts of the brain and thoracic gangli-

“onic mass (TGM) into normal and eyestalkless animﬁlé. The data
indicated that one fraction increased the concentration of CL” in the
hemolymph and the flux of Nat from the medium. However, some results
could not be repeated, perhaps because of seasonal cycles. Other
workers have also suggested that hormonal factors control water and

ion movements in decapod crustaceans. Rammsmurthi and Scheer (1967)

noted thet the cephalothorax extract from the prawn Pandalus gérdani

decreased the efflux of Nat from the crab Hemigrapus nudus. Tullis

and Kamemoto (1974), in one of their most recent papers, present
evidence that there are at least two factors that can be separated
from extracts of the brain and thoracic gangionlc mass of Thalamita
Giénaﬁa. A water soluble fraction causes a decresse in influx éf

tritiated water, while an acrtone soluble fraction causes an increase
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in influx of tritlated water when injected into a crab or a crayfish.
Neither fraction affects sodium influx, Bliss et al. (1966) have

given evidence suggesting that there are at least two hormones in

Gecarcinus lateralis that control retention and removal of water.

Both Kamemoto (1976) and Kleinholz (1976), in their review papers
on neurcendocerines in crﬁstaceans, point.out that a variety of experi-
mental evidence suggests the involvement of the eyestalk system, the
brain, thoracic ganglionic mass, and the pericardial organs in neuroen-
docrine control of hydromineral balance., There are many conflicting
data on the effects of removal of eyestalké and the injection of various
extracts into whole or eyestalkless anima;s. For examﬁle, Kamemoto
(1976) poinﬁs out that injection of extracts of.eyestalks, TGM, and~
brain have caused an inerease in salt and osmotic concentration of
the hemolymph in some animals and a decrease in salt and osmotic con-
centration of the hemolymph in other animals, Most of the work in the
literature has been performed on whole animals or in the fomof blo-
assay experiments, where the neuroendocrine extracts of one species are
injected into another species. In some cases the two species come from
different environuxnts and are sﬁbject to widely different osmoregulatory’
demands. When extracts are injected there is no way of knowing how
these extracts interact with the neurohormones that are already present
in the animal, and what effect this interaction might have on the
tissues.

Few studies have examined the effects of neurohormones on
isolated tissues. Mantel (1968) examined the isolated forgut of G.

lateralis in vitro and Tullis (197h) studied the gills of T. crenats
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in vivo. The results of these and the previous studies suggest the
need for in vitro studies to establish the effects of neuroendocrine
factors on the water permeability of isolated epithelial tissues,
such as the gill and gut.

Lockwood and Inman (1973); Lockwood and Andrews (1969) and
Dandifosse (1966) have studied changes in water and ion permeability .
of different crustaceans at ecdysis. All the studies indlcate that
increases in exchange of water and ions occur and are necessary for
successful ecdysis. Removal of eyestalks from decapods such as

G. 1at§ralis, C. imnmunis, and C. meanas 18 known to produce large

increases in size due to excessive water uptake at ecdysis (Abramowitz
and Abramowitz, 1940; Scudamore, 1947; Carisle, 1955), Working with
G. 1ateralis, Bliss et al. (1966) and Mantel (1968) suggest that the
controlvof watér permedbilify iflby means of neurcendocrine factors
and is probably important in the conservation of water, especially

at ecdysis. Further reseaxch on the effects of neuroendocrine
substances on tissue permesgbility might help to explain the
neurohormonal control function in ecdysial water balance,

This brief survey of the literature in crustacean osmoregulstion
and neurohormonal control of hydromineral balance reveals certaln
areas where further study is necessary. Research concerning the water
perﬁédbility of the ionically active tissues such as the gill and gut,
and other more internal tissues such as muscle, in crabs with
different osmoregulatory abilities under different salinity conditions
is necessary. Such studies would yleld substantial information that

would help in the understanding of the mechanisns and processes of
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osmoregulation. A study coupling observations on water permeability
of isolated tissues with observations on the effects of neuroendocripg .
extracts on permeability of these tissues would help to clarify the
controls of water movement, Therefore, I have designed a study to
examine the diffusional permeébility to ﬁater of isolated tissues
from dacapods subjected to di..!j'f;renthse,liﬁity conditions. Studies
have also been designed to examine the water permeability of tissues
in the presence and absence of added neuroendocrine extracts.

The decapods chosen for study are: Cancer irroratus, Say,

Cellinectes sapidus, Rathbun, and Iibinia emarginsta, Leach,

C. irrore,t\is , the common rock crab; and C. sagidus ’ the blue crab,

are abundant, easily collected euryhaline decepods that inhabit
Atlantic coastal estuaries. The portunid crab C. sapidus was selected
because of its well documented osmoregulatory ability (Gifford, 1962;
Tan?and Ven Engél, 1967; Mantel, 1967; Tagatz, 1971; Lynch et al.,
1973). The cancroid crab C. irroratus has been shown to be an
osmoz"egula.tor, but it appears to have a more limited estuarine
distrubution than C. Ba.gidﬁs (Cantelmo et al., 1975). Libinia :
emarginata, the brachyuran spider crab, is a decapoci that inhabits

the Atlantic Ocean. Gilles (1970) has demonstrated that L. emarginata
i an osmoconforming crab that is not able to regulate the concen-
tration of i‘bs‘ hemolymph above that of the external environmenﬁ when
exposed to a hyposmotic medium. Studies on the water permeability of
the gill, gut, and muscle tissues were carried out on the three species
of decapods, Experiments on the effects of the neurchormonal extracts

were carried out on }_ e.m'a'rg':lha:t’a and on C. sa'g'i‘d'us.
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MATERTALS AND METHODS

COLLECTION AND MAINTAINANCE OF ANIMALS

At all seasons, specimens of Cancer irroratus and Callinectes

sagidﬁs were collected at Sandy Hook Bay, New Jersey from a depth of
16-30 meters with an otter trawl and/br crab reke, During the winter
monthé s specimens of C. sapidus were also purchased from Randezo's
Fish Store, Bronx, New York. In the summer season, individuals of

Li'b:lhiﬁ enﬁréiﬁata were collected by commercial fish trawlers, who

trapped the animals in the Atlantic Ocean off the coast of New Jersey.
During the winter, specimens of this species were purchased from the
Gulf Specimen Company, Panacea, Florida.

The experiments performed dtiring the course of this study were
carriéd out during two seasons of the year. The work on the diffusion
of tritiated water (THO) in the presence or absence of an osmotic |
gradient was performed with animals collected in July and August 1975.
The experiments exsmining the effects of extracts of neuroendocrine
tissue were performed on animals collected from January through
May 1976. |

All animals were maintained in individual 4-6 liter plastic
containers inside an environmental chamber. The temperature inaide
the chamber was 15°C, and a 12L: 12D illumination cycle was
maintained. All specimens of é; ‘eﬁa.z';gihbat-a and one half of the
specimens of C. shgidﬁs end C. "irroratus were maintained in 100%
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(33 ppt, 1000 milliosmols) Instant Ocean Sea Water. The remaining
individuels of C. irroratus and C. sapidus were gradually acclimated
to k0% (13 ppt, 400 milliosmols) Instant Ocean Sea Water. Water in
the containers were aerated at all times. The animals were fed fresh
clams once per week, and the water was chanéed after feeding, The
crabs were allowed two weeks to adjust to the experimentel conditions
before the exﬁerimentation began,

The stage of the intermolt cycle was determined according to the
criteria of Drach (1939). After the animal was sacrificed, a section
of the carapace was removed and examined for the presence or absence
of the membranous layer. If the membranous layer was not found, the
animal was discarded. This insured that all animals used for
experimentation were in the C-I stage of their cycle. All experiments

were performed at 25°C.

EXPERTMENTAT, PROCEDURES

Before the animals were sacrificed, a sample of the hemolymph
and medium was taken, and the osmolality of each was measured with an
Advanced Instruments Osmometer. Crabs were then sacrificed by de-
stroying the brain with a needle inserted through the eye socket, The
gill and gut tissues were removed and mounted on perfusion chambers
modified from Mantel (1967). In scme experiments, the muscle timsue
was also dlassected from the animal and pleces were placed in
individvel Erlenmeyer flasks.

Individual gills were removed from the branchigl chamber, the
tip of the gill was cut off, and the clotted hemolymph was removed
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from the afferent artery. The gill was then ligated onto the open
ends of the perfusion chamber with cotton thread, thus forming a
continuously circulating system (Fig. 1A). Circulation of the fluid
is accomplished by bubbling air from a pump., When this air 1ift
system is activated, the fluid in the perfusion chamber is forced to B
flow through the efferent artery and the gill lamellae, 'i‘his flow
was verified by the use of a solution of methylene blue d&e. The
flow rates within the perfusion chamber were calibrated by meaéurtng
the flow of glass microbeads, and the rates remained constant through
out the experiments, The fluid in the perfusion bath simulated the
fluid on the outside or medium side of the gill; while the fluid in
the perfusion chamber simulates the fluld on the inside or hemolymph
side of the gill. The perfusion bath has a volume of 50 ml and the
perfusion chamber has a volume of 5 ml, After termination of the
experiment, the gills were cut away from the chambers and weighed on
a Mettler balance to 0.1 mg.

The gut tissue was dissected from the crab, and a plece was
mounted on the glass perfusion chsiber by means of a rubber "O"
ring (Fig. lB)'. The fluid in the perfusion -bath similates the'fluid
on the hemolymph side of the gut; while the f£luid in the perfusion
chamber similates the fluid on the lumen side of the gut. The
perfugion bath has & volume of 40 ml and the perfusion chamber has a
volume of 5 ml.

Tritiated water (THO) was added to the perfusion bath of the gill
preparation (0.5 ﬂCi/x'ni') and to the perfusion cﬁamber of the gut

preparstion 5.0 ,uCi/ml): At specified intervals, by means of a 100 \
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Oxford Micropipettor, samples were drawn from the perfusion chamber
of the gill preparation and from the perfusion bath of the gut
preparation, In the same manner, before the tissues were added,
samples were taken that served as standards. All of the samples were
counted as described below, Thus, this set of experiments measured
the diffusion of THO from ‘bhe. medium to the hemolymph side of the gill
and from the lumen to the hemolymph side of the gut.

Pieces of muscle tissue were removed from the proximal segment of
the chels and walking legs of the animals, These pieces were cut
into smaller pieces, and the smaller pieces incubated in individual
aerated 25 ml glass Erlenmyer flasks., Tritiated water (1.0auCi/ml)
was added to each of these incubafion flasks. A semple that served
as a standard was taken with a 100 A Oxford Micropipettor before the
tissue was added. Tissues were removed at specified intervals, rinsed
in unlabeled medium; placed in pre-weighed Oximat acetate cups, and
weighed to 0.1 mg. The cups and the tissues were subsequently
combusted in an Oximat Tissue Oxidizer. This allowed the THO that was
contained in the tissues to be released. These experiments measured
the diffusion of THO from the outside of the tissue into both the
intracelluar and extracellular spaces of the crab musecle.

All liquid samples were added to 15 ml of Instagel and counted in.
& Beckman model IS - 250 scintillation counter, The quench was
determined to be negligible. The THO that was contained in the muscle
tissue was released into the Oxifluor Scintillation Fluid inside the
Oximat machine. The liquid samples that came from this machine were
counted on a Beckmen counter, and corrections were made for carry-

over and background.
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EXPERIMENTS ON DIFFUSION OF THO IN THE PRESENCE AND

' ABSENCE OF AN OSMOTIC GRADIENT

This set of experiments was designed to show the effects of
acclimation and osmotic stress on the diffusion of THO across the
epithelium of the gill and gut and into the intracellular and
extracellular spaces of the muscle tissue.

For each individual of C. sapidus, C. irroratus and L, emarginata

that was tested in this set of experiments, one-half of the samples of
the gill, gut and muscle tissue was exposed to a medium with an
osmolality equivalent to the salinity of acclimation; this salinity
was 100% or 40% and is designated the control salinity. The other
half of the samples were exposed to 'an. osmotic stress conéisting of
10% of the control salinity.

Since four gills of each animsl were used, 2 glllswere perfused
on the medium side with the control salinity, while the other two were
perfused on the medium side with the stress salinity. The hemolymph
side of the gills was always perfused with sea water of the control
salinity.l Each gut was divided into two pieces. One piece was
perfused on the lumen side with water of the control salinity. The
other piece was perfused on the lumen side with water of the stress
salinity. The hemolymph side of the both pieces of the gut was always
perfused with water of the control salinity.

The gill and gut tissues were perfused in the test saelinities for

two héurs. Samples were taken from the perfusion chamber of the gill
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apparatug at the end of each hour, Samples from the perfusion bath of
the gut apparatus were taken at 3Q,m1:nutes, 1 hour and 2 hours.

Sixteen pieces of muscle tissue were used. Eight pieces were
placed in perfusion fluid (Prosser and Brown, 1961) with an osmolality
corresponding to the osmolality of the hemolymph of the crab at the
sa_,linity of acclimation; this is designated control perfusion fluid.
The other eight pieces were incubsted in perfusion fluid with an
osmolality consisting of 10% of the osmolality of the hemolymph; this
is designated stress perfusion fluid (Table 1). Two pleces of the
miscle tissue were removed from the control and the stress perfusion ¢

fluid after 10 minutes, 20 minutes, 30 minutes, and 45 minutes.

EXPERTMENTS USING EXTRACTS OF NEUROENDOCRINE TISSUES

This set of experiments was designed to examine the effects of
extracts made from the thoracic ganglionic mass (TGM), eyestalks (ES),
and nerve-muscle (NM) on the diffusion of THO from the medium to the
hemolymph side of the gill and from the lumen to the hemolymph side
of the gut.

Extracts of the ES, TGM, and NM were made according to the method
Kememoto and Tullis (1974). The ES, TGM, and legs of crabs were
removed and stored in the freezer for no longer than two weeks before
being used., Approximately one hour prior to the actual experiment,
the tissue to be extracted was removed from the freezer, The TGM was
used in toto, while the ES were cut open and the soft tissue was

removed., The legs were shapped et the Joint between the carpus and
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TABLE 1

Acclimation and test osmolalities for the muscle tissue.

Species Salinity of Hemolymph Test
Acclimation (4S.W.) Osmolality (mosmols) Osmolality (mosmols)

C. irroratus 1004, 1000 1000 control (e)
C. irroratus 1004, 1000 100 stress (s)
C. irroratus Lo, 500 500 ¢ -
C. irroratus hoq, 500 50 s

C. sapidus 1004, 1000 1000:¢

C. sapidus 100%, 1000 100 s

C. sapidus Log 750 750 ¢

C. sapidus Lo, 750 75 s

L. emarginata 100% 1000 ;1000 c

L. emarginata 100% 1000 100 s
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the merus and the leg nerve and some muscle tissue was removed. The
tissues were ground with a mortar and pestle in 1 ml of perfusion'fluid,
with autoclaved sea sand to aid in grinding. After the tissues were
ground, the test tube containing the extract was suspended in a
boiling water bath for ten minutea; The resulting suspension was then
centrifuged at 10,500 R,P.M, for 30 minutes in a Sorvall model RC2(3)
centrifuge at 4°C. The supernatant wes stored on ice for up to two |
hours until it was used in the perfusion system.

Gill and gut tissues of C. sapidus and L. eﬁarginata vere used in
this set of experiments. All gill and gut tissues had sea water of the
control salinity on both sides of the perfusion system, so that there
was no osmotic stress. TFor each animal, four gills and two pieces of
gut were tested. Two gllls and one piece of gut were treated as
controls by exposihg them only to sea water at the control salinity.
The remaining two gills and piece of gut were considered as experi-
mentals by treating them with control salinity sea water containing
extracts of one of the above tissues (i.e. TGM, ES, or MM). All
tissues were first mounted with non-rﬁdioaefively labeled sea water in
the perfusion bath and in the perfusion chamber. Then 0.3 ml of
extract was added to the perfusion chamber of the 3111 apparatus and
to the perfusion bath of the gut apparatus. The other two gills and
piece of gut received no extracts. All of the tissues were perfused
in the unlabeled baths, either with or without extracts, for 20
minutes. After that time, a perfusion bath containing THO was
replaced into the gill apparatus and 5 ml of THO labeled sea water was

substituted into the perfusion chamber of the gut apparatus. The



29
tissues were perfused in these solutions for one hour before samples
were taken from the hemolymph side.

Dosage of the neuroendocrine extracts was as follows: Tissues of
C. sapidus acclimated to 100% sea water were treated as described
above with the following extracts; (—A,) L4 TGM or 8 ES from specimens of
c. sa.gidus acclimated to 100% sea water. (B) 2 TGM or L ES from
specimens of C. sapidus acclimated to 40% sea water. (C) M extracts
from 2 legs of C. sapidus acclimated to 100% sea water.

Tissues of C. sapidus acclimated to 40% sea water were treated as
described above with the following types of extracts : (A) 4 TGM or
8 ES from specimens of C. 'sagidus acclimated to 40% sea water. (B) MM
extracts from two legs of C. éagidus acclimated to 4O% sea water.

Tissues of L. emarginata acclimated to 100% sea water were treated
as described above with the following types of extracts. (A) 4 TGM or
8 ES from specimens of L. emargindta acclimated to 1009 sea water.
(B) 2 TGM or 4 ES from specimens of C. sapidus acclimated to 40% sea
water. (C) NM extracts from two legs of L. emar'g'ina'ta acclimated to

100% sea water.

ANALYSTS OF DATA

All results are expressed as percent saturation values; that is,
the amount of THO found on the hemolymph side of the tissue, compared
to the initial amount:of THO in the outside or the lumen side medium,
which was considered to be 100% (Smith, 1970). The percent saturation

values were expressed per gram of gill and mscle tissue and per cm2
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of gut tissue. The hourly water exchange fraction, or rate constant X,
was calculated aécording to Smith (1970) by use of the following

equation: K= (2.3/t)log, . (100/100.% sat.), where K= the percent

10
of body water éxchanéed per hour, te time of exposuré in hours,
9 sat.= concentration of THO on the hemolymph side, of the tissues
compared to the concentrafion of THO on the outside or lumen side
of the tissuwe., In all cases, the.hpecific activity of the radio-
actively lsbeled medium was high in relation to that of the non-radio-
actively labeled medium. This it can be assumed that dilution by
water from the unldbeled.side is negligible. At t= infinity, the
percent saturation will approach 100%., In the calculation of K in
this paper, t* 1 hour was used for both gill and gut. '
Statistical significance of the data was taken at the 5% level of
confidence by the use of the analysis of variance and Student's t-test,
when required. The results are presented as percent saturation values;
however, in order to perform the analysis of variance, the date were

transformed by the use of the arc-sine transformation. The reference

for all statistical methods was Sokal and Roth (1973).
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RESULTS

OSMOTIC RESPONSES

Results of the osmolality measurements are shown in Table 2., All
three species are osmoconformers in 100% sea water, since there are
no significant differences (P>0,.05) between the external medium and
the hemolymph of the crabs (P>.05) (Table 2, 1n 1,3,5). In 40% sea
water, both C. irroratus and C. ségidus are hyperegulating, since the
osmolality of their hemolymph is significantly higher (P<.05) than
that of the external medium (Table 2, in 2,4). The values also

indicate that C. saﬁidus is alstronger regulator than C. irroratﬁs.

DIFFUSION OF THO IN THE PRESENCE OR ABSENCE OF AN OSMOTIC GRADIENT

The data from experiments on the THO influx across the gills and
gut are presented in Tables 3 and 4. A summary of the significant
differences is presented in Table 5A. The most important and
significant differences are seen when.the 9, saturation values of the
tissues of crsbs ascclimated to 100% sea water are compared with the %
saturation values of the tissues of crabs acclimated~t6 404 sea water
(Table 3, 1n 1,3,5,7; Table 4, 1n 1,3,5,7). Gills and guts of
C. sapidus and C. iirofatus‘écélimated to 40% sea water have signifi-
cantly lowere(P¢.001) THO influxes than the tissues of crabs of the
game species acclimated to 100% sea water (Table 5A, 1n 182, L&5;

Fig. 2,3). The % saturation values at 40% sea water are less than
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Osmoregulatory ability of three species of crabs.

hemolymph and medium with the probability that the differences between them are significant.

TABLE 2

Comparison of the osmolality of the

Species Number of Mean Medium Mean Hemolymph P
Animals Conc. (milliosmols) Cone.. (milliosmols)
1. Cancer irroratus 7 1031.8 t 10.0 1015.5 ¥ 14,2 $0.05
2. Cancer irroratus 7 hoh.5 = 4.8 486.8 ¢ 3.2 <0.05
3. Callinectes sapidus 6 1010.1 * 10.6 1019.1 * 13.9 >0.05
4., Callinectes sapidus 6 hoh,1 £t 4.8 747.8 ¥ 13.3 <0.05
5. Libinia emarginata 8 1029.5 t 12.9 1026.5 ¥ 11.6 >0.05
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Water permeability of the glll tissues of three species of crabs as indicated by

the percent THO saturation at one hour and the hourly water exchange fraction (K).

Species Number of Salinity of Salinity Mean % K
Acclim, (#S.W.)  Acute Treat. (¥S.W.) Sat. (1hr.)

C. irroratus 100 100 78.82 t 16,55 1.55
C. irroratus 100 10 91.00 ¥ 15,23

C. irroratus 4o ko 30.12 £ L.ho 0.35
C. irroratus 1%s) L 26.82 ¥ 4,28 ,
C. sapidus 100 100 67.83 £ 16.35 1.13
C. sapidus 100 10 63.25 t 20,00

C. sapidus Lo ko 28.39 ¥ 6.82 0.33
C. sapidus 40 b 28.27 5.9

L: emarginata 100 100 75.452 % 11,53 1.39
;._ emarginata 100 10 60.07* 7.06
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TABLE L

Water permeability of the gut tissues of three species of crabs as indicated by the

percent THO saturation at 30 minutes and the hourly exchange fraction (X).

Species Number of  Salinity Selinity Mean ¢ Std. K
Animals Acelim. (%S.W.) Acute Treat. (%4S.W.) Sat. (1 hr.) Error

1. C. irroratus 6 100 100 s.ks I o.7h0  1.1107

2. C. irroratus 6 100 10 yo bt o078

3. C. irroratus 6 Lo ko 2.28 ¥  0.31% o0.0u54

L. ¢. irroratus 6 ko 4 2,18 I o0.281

5. C. sapidus 6 100 100 5.00 ¥ 0,383 o0.1012

6. C. sapidus 6 100 10 h.o1 *  0.2981

7. C. sapidus 6 ko 4o 2.76 L 0.3713 o0.0551

8. C. sapidus 6 ko L 2.h5 t 0,318

9. L. emarginata 6 100 100 2.93 ¥  0.259 0.0590

10, L. emarginata 6 100 10 3.03 t  o.229
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TABLE 5A

Effects of acclimation to 40% sea water of the gill, gut, and muscle tissues of

C. sapidus and C. irroratus.

Experimental Conditions Tissue 4% Sat. P

C. irroratus 100% acclim, vs C. irroratus 40% acclim. Gill 48.7 <.001
C. sapidus 100% acclim. vs _C. sapidus L40% acclim. (summer) Gill 39.4 <.001
C. sapidus 100% acclim. vs 'C. sapidus 40% acclim. (winter) Gill 9.4 <.05
C. irroratus 100% acclim, vs  C. irroratus 40% acclim, ‘ Gut 3.2 <.00L
C. sapidus 100% acclim, vs C. sapidus 40% acclim. (summer) Gut 2.2 <.001
C. sapidus 100% acclim, vs C. sapidus k0% acclim. (winter) Gut 0.6 <.05
C. irroratus 100% acclim, vs c. irroratus 40% acelim, Muscle 23.3 >.05
C. sapidus 100% acclim. vs C. sapidus 40% acclim, Muscle  27.6 <.05
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one half of the values at 1004. The calculated K values (hourly water
exchange rates) are also differeni: for the different salinities of
acclimation (Table 3,4). Gills of C. irroratus exhibit K values of
1,55 at 100% acclimation and 0.35 at 40% acclimation, while gills of
C. -8apidus have water exchange rates of 1.33 and 0.33 at 100% and L40%
salinity of acclimation respectively. Thus, C. irroratus and
C. éﬁpidus can reduce their water exchahge or the pei'meability of
their tissues upon acclimation to a lower salinif;y.

In the gill and gut tissues of the three species of crabs tested,
the influx of THO is the same for the tissues subjected to the control
salinity (100% or 40% sea water) as for the tissues treated with water
at the stress salinity (10% or 4% sea water) (P> .05) (Tsbles 2&3, 1n
%2, 38k, 5%6, 7%8, 9%10; Table 5B, In 1-5, 6-10; Fig. 2,3). Thus
there are nc changes in the permeﬁbility of gill and gut to water
during an osmotic stress,

Multi-factor analysis of variance showed that, in the case of the
gill tissue, there are no interspecific differences in water
permesbility (P2 .05) among the three species of decapods studied at
100% salinity of acclimation (Table 3, 1n 1, 5, 93 Table 5C, 1ln 1-3;
Fig. 2). During summer under these salinity conditions the THO
influxes are the same for C. irroratus, C. sapidus and L. emarginata.
At the 404 salinity of acclimation, gills of C. irroratus and
C. sapidus also exhibit the seme water permesbility (P».05) (Teble 3,
1n 3, 75 Table 5C, 1n b; Fig.2). In most instances, there are slso
no intersi:ecific differences in pei'meability to THO of the gut tissues,

Thus, the influx of THO across the gut of C. sapidus is the same as
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the influx across the gut of C. irroratus (P> .05) when the crabs
are acclimated either to 100% or 40% sea water (Table k4, 1n 185,
3%7; Table 5C, 1n 5, 8). However, during this set of experiments,
the gut of L. ema.rgina{:a was less permeable than the guts of t_he‘
other two species acclimated to 100% sea water (P¢ .00l) (Table L,
1n 1, 5, 93 Tsble 5C 1n 6, 7; Fig. 3). h
* Results of the time course experiments show that the uptake of
THO across the gills is not statistically higher (P».05) after
2 hours than after 1 hour. Uptake across the gut is also similar
after 30 minutes, 1 hour and 2 hours (P).05). In almost all cases
the % saturation values increased with"time; ho{vever, those increases
were small and the variability within each acelimation group was
high enough to make the differences not statistically significant.
During the course of experiments on the effects of extracts from
neuroendocrine tissues, control measurements were made of THO influx
across the gill and gut tissues without extracts being e,ddéd.
Comparison of these data with data collected during the experiments on
osmotic stress reveal some interesting results (Tables 5D, 6). The
mean % saturation values of the gills of C. sspidus acclimated to 100%
sea water in the winter is 16.08; while during the summer, the mean %
saturation value:for the gills under the same experimental conditions
is 67.83 (Table 6, 1n 1, 2). This relationship is the same for
tissuves of’the two species of érabs that were tested in both seasons.
The % saturation values of the gills and the guts of both C. éagidus
énd L, emargiﬁdta are lower in the experiments conducted in the winter

(Tebles 5D, 6). However the relationship between the THO influx and
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TABLE 5B

Effects of anosmotic stress on the gill, gut and musele tissues of the three species of crabs.

Experimental Conditions Tissue 4% Sat. P

C. irroratus 100% control vs C. irroratus 10% stress Gill 12.2 2.05

C. sapidus 100% control vs C. sapidus 10% stress Gill 4.6 >.05

L. emarginata 100% control vs L. emarginata 10% stress Gill 15.3 .05

C. irroratus 40% control vs C. irroratus 49 stress Gill 3.3 ».05

C. sapidus 40% control vs C. sapidus U¥ stress Gill 0.3 .05

C. irroratus 1004 control  vs  C. irrvoratus 104 stress Gut 0.5 .05

C. sapidus 100% control vs C. sapidus 10% stress Gut 0.9 .05

L. emarginata 100% control  vs L. eharginata 10% stress Gut 0.1 ».05

C. irroratus 40% control vs C. irroratus L% stress Gut 0.1 >.05

C. sapidus 40% control vs C. sapidus 44, stress Gut 0.3 .05

C. irroratus 10094 control vs €. irroratus 10% stress Muscle 52,2 <.05

c. sa.pidﬁs 1004 control vs c. sapidus 109, stress Muscle 17.0 <.05

L. emarginata 100% control  vs L. emarginata 109 stress Muscle  ko.0 <.05

c. irroratus 409 control vs c. irroratus Lq, stress Muscle 69.4 <.001
C. sapidus 40% control vs c. sépidus 44, stress Muscle 52.1 £.001
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TABLE 5C

Interspecific comparisons of the water permeability of the gill and gut tissues of the

three species of crai>s.

Experimental Conditions

Tissue A% Sat. P
1. C. irroratus 100% vs C. sapidus 100% Gilli 10,9 $.05
2. C. irroratus 100% vs L. emarginata 100% Gill 3.4 .05
3. C. sapidus 100% vs L. emarginata 100% Gill 7.6 ».05
k. C. irroratus hog vs C. sapidus Lo0% Gill 1.7 .05
5. C. irroratus 100% vs C. sapidus 100% Gut 0.5 ).05
6. C. irroratus 100% vs L. emarginata 100% Gut 2.5 <.05
7. C. sapidus 100% vs L. emarginata 100% Gut 2.1 <.05
8. C. irroratus Lo% vs _C_ sapidus 409 Gut 0.5 >.05
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the salinity of acclimation remains the same, During both seasons
the water permeability of the gill and gut tissues of crabs acclimated
to 40% sea water is significently lower (P<.05) than the tissues of
crabs acclimated to 100% sea water (Teble 5A, 1n 2, 3, 5, 63 Table 6).

A comparison of the interspecific differences in water pérmeability
also yields some interesting results. During the summer experiments,
there were no significant differences (P?.Os) between the water
permeability of the gills of C. sagidus' and Q. emarginata; while the
movement of THO across the gut was lower-in L. emarginata (P< .001)
(Table 5C, 1n 3, 7; Table 6). In the winter experiments, the gill and
gut tissues of L. emé.rginaté. exhibited significantly higher 4 satu-
ration values (P<.05) than the tissues of C. sapidus,

The results of the % saturation values for the muscle tissues are
presehted in Table 7 and Figs. 4, 5 and 6. For all three species, the
muscle tissue that was osmotically stressed exhibited % saturation
values that are significently higher (P < .05) than the non-stressed
tissue (Tsble 5B, 1n 11-15; Table 7, ln 1&2, 3&4, 9%10). Thus, an
osmotic stress of 10% of the‘original salinity increased the influx
of THO into the tissue.

" The % saturation values for the muscle tissues from C. irroratus
acclimated to 100% sea water were not significently different from the
muscle tissue of those acclimated to 40% sea water (P) .05) (Tsble 5A,
1n 7; Table 7, 1n 1, 3; Fig. 4), However, in C. sapidus, muscle from
crabs acclimated to 100% sea wéter' exhibited THO influxes that were
significantly lower than the THO influxes in ﬁhmcles from crabs
acclimated to 40% sea water (P¢ .05) (Table 5A, ln 8; Table 7, 1ln 5,
75 Fig. 5). - |
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TABLE 5D

Effects of season on the water permeability of the gill and gut tissues of C. sapidus and

L. emarginata.

Experimental Conditions Tissue A% Sat. P

C. sapidus 100% summer vs C. sapidus 100% winter Gill 51.7 <.001:
C. sapidus 407 summer vs c. s’apidus Lhod, winter . G1n 21.7 <.001
L. emarginata 100% summer vs L. emarginata 100% winter Gill 46.6 <.001
C. sapidus 100% summer vs  C. sapidus 100% winter Gut 3.5 <.001
C. sapidus 40% summer v8 C. sapidus 40% winter Gut 1.8 <.001
L. emarginata 100% summer ~ vs emarginata 1004 winter Gut 0.9 <.05

l.t-‘
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TABLE 6

Effects of season (in mean % saturation).

Species N Salinity of Tissue Mean % Standard
Acelim, (%4S.W.) Sat. (1 hr.) Error
1. c. sapiduls (Summer) 6 100 Gill 67.83 t 16.35
2. C. sapidus (Winter) 25 100 Gill 16.08 3 2.78
3. C. sapidus (Summer) 6 ko Gill 28,39 t 6.82
L. C. sapidus (Winter) 16 40 Gill 6.66 4 0.98
5. L. emarginata (Summer) 6 100 Gill 75.42 ¥ 11,53
6. L. emarginata (Winter) 25 100 Gill 28.80 T k.3
7. C. sapidus (Summer) 6 100 Gut 5.00 3 0.38
8. C. sapidus (Winter) 25 100 Gut 1.k9 2 0.15
9. C. sapidus (Summer) 6 ko Gut 2.76 1 0.37
10. C. sapidus (Winter) 16 ko Gut 0.93 z 0.15
11, L. emarginata (Summer) 6 100 Gut 2.93 z 0.25
12, L. emarginata (Winter) 25 100 Gut 2.03 + 0.19
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Water permeability of the muscle tissue of the three species of crabs.

TABLE 7

Species N Acelim, Treatment Mean % std.

Sal. (4s.W.) Salinity (%S.W.) Sat. (Pergram) Error

1. C. irroratus 5 100 100 133.6 ¥ 1L.5
2. C. irroratus 5 100 10 185.8 t 8.6
3. C. irroratus 5 Lo ko 110.3 * 22.}
4, c. irroratus 5 ko 4 179.7 t 2k .8
5. C. sapidus 6 100 100 124 .l ¥ 8.5
6. C. sapidus 6 100 10 1.3 t 10.6
7. C. sapidus 6 ko ko 152.0 * 11.6
8. C. sapidus 6 ko L 20k,1 * 9.1
9. L. emarginata 5 100 100 159.4 b 13.5
10. L. emarginata 5 100 10 199.3 p 11.5
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Results of the time course studies on this set of experiments
show that there are no significant increases (P).05) in % saturation
with the times tested (10, 20, 30, and 45 minutes), In almost all
cages there was an increase in the amount of THO taken in; however,
these increases were not statistically signifiéant.

In general it may be stated that there is a reduction in water
permeability of the gill and gut tissues when C. irrbratus and
C. sapidus are acclimated to a lower salinity. Seasonality also
affects the water permeability of the gill and gut tissues in
L, emarginata and C. sapidus, since the crabs tested in the winter
exhibit lower permeabllity to water. However, subjecting tissues to
an osmotic stress of 10% of the aéclimation salinity does not alter
the permeability of the gill and gut tissues. On the other hand,
muscle tissue is affected by an osmotic stress, since a 10% stress
causes an increase in THO uptake by the muscle tissue of the three
crabs studied. There is; however, no generalized effect of the

salinity of acclimation on the THO uptake by the muscle tissue,

EXPERIMENTS USING EXTRACTS OF NEUROENDOCRINE TISSUES

Gill and gut tissues of L. emarginata were treated with
extracts made from tissues of'E. émarginate acclimated to 100% sea
water and C. sapidus acclimated to ho% sea water, The results of
the THO influxes are presented in Table 8 and 9 and in Figures
7 and 8, Water permeability of the gills and guts treated with NM

extracts was not significantly different (P».05) from that
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TABLE 8

Effects of neuroendocrine extracts on the water permeability of the gill tissue
of the three species of crabs.

Species

N

Acclim,

Treatment Mean % std.
Sal. (4S.W.) Sat., (1 hr.) Error
1. C. sapidus 25 100 Water 16.08 t 2.78
2. C. sapidus 5 100 N.M, Extract from 2 C. sapidus 100% w27t 6.1k
3. C. sapidus 5 100 E.S. Extract from 4 C, sapidus 1004 n.s % 5.3
4, C. sapidus 5 100 T.G. Extract from I C. sapidus 100% 3.95 t  1.65
5. C. sapidus 5 100 E.S. Extract from 2 C. sapidus 40% 9.73 ¥ 2.80
6. C. sapidus 5 100 T.G. Extract from 2 C. sapidus 40 6.96 * 2.33
7. C. sapidus 16 ko Water 6.66 £ 0.98
8. C. sapidus 6 4o N.M. Extract from 2 C. sapidus L40% 7.0 % 2.08
9. C. sapidus 5 Lo E.S. Extract from 4 C. sapidus Lo 5,37 ¥ 135
10. C. sapidus 5 ko T.G. Extract from 4 C. sapidus 40% k63 t  0.69
11. L. emarginata 25 100 Water : 28.8 t 4.3
12, L. emarginata 5 100 N.M, Extract from 2 L. emarginata 100% 28.2 t 4.3
13. L. emarginata 5 100 E.S. Extract from 4 L. emarginata 100% 27.7 t 9.0
1k, L. emarginata 5 100 T.G. Extract from i L. emarginata 100% 16.3 t 3.0
15. L. emarginata 5 100 E.S. Extract from 2 C. sapidus ho% 13.8 * 2.9
16. L. emarginata 5 100 T.G. Extract from 2 €. sapidus 40% 6.9 + o7
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TABIE 9
Effects of neuroendocrine extracts on the water permeability of the gut tissue
of the three species of crabs.
Species N  Acclim, Treatment Mean % Std.
Sal. (¥S.W.) Sat. (1 hr.) Error
1. C. sapidus 25 100 Water 1.49 ¥  0.15
2. C. sapidus 5 100 N.M, Extract from 2 C. sapidus 100% 1,54 ¥  0.20
3. C. sapidus 5 100 E.S. Extract from 4 C. sapidus 100% 1.83 f o.3
4. C. sapidus 5 100 T.G. Extract from I C. sapidus 100% 0.96 ¥ 0.37
5. C. sapidus 5 100 E.S. Extract from 2 C. sapidus 40% 1,13 *  o0.50
6. C. sapidus 5 100 T.G. Extract from 2 C. sapidus 409 1.4 Tt o0.54
7. C. sapidus 16 Lo Water S 0.93 + 0.15
8. C. sapidus 4o N.M. Extract from 2 C. sapidus 40% 1.31 t  0.09
9. C. sapidus 5 4o E.S. Extract from 4 C. sapidus 40% 0.66 Y o0.23
10. C. sapidus 5 ko T.G. Extract from 4 C. sapidus 40% 0.53 % o2
11, L. emarginata 25 100 Water 203 T 0.9
12, L. emarginata 5 100 N,M. Extract from 2 L. emarginata 100% 2.57 T 0.4
13. L. emarginata 5 100 E.S. Extract from 4 L. emarginata 100% 1,74 +  o.43
14, L. emarginata 5 100 T.G., Extract from It L. emarginata 100% 0.95 + 0.11
15. L. emarginata 5 100 E.S. Extract from 2 C. sapidus 40% 1.37 t  o.34
16, L. emarginata 5 100 1.27 t 0.3

T.G. Extracts from 2 C. sapidus 40%
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of the gills and guts that did not receive extracts (Table 5E, 1n 9,
22; Tables 8 and 9, 1a 11, 12), Therefore, an alteration in
perméability cannot be attribt’lted‘ to the presence of a factor in the
non-neuroendocrine tissues of crabs. The gill and gut tissues did not
exhibit a significant decrease (P) .05) in the THO influx when they
were treated with extracts made from the ES of 4 L. emarginata
(Tsble 5E, 1n 11, 24; Tables 8 and 9, 1n 13). However, the gill
tissues do show & significant decrease (P< .05) in water permeability
when they are treated with extracts made from the TGM of L
L. emarginata or ES from 2 C. sapidus acclimated to 40% sea water
(Table 5E, 1n 10, 13; Table 8, 1n 1k, 15). The greatest reduction
occurs when the gills are treated with the TGM extracts from 2
C. sapidus acclimated to 4O} sea water (i.e., 28.8 to 6.9) (P< .00L)
(Table SE, 1n 12). Water permeability of the gut tissue was signi-'
ficantly reduced only when treated with extracts from the TGM of l
L. emarginsta (P< .05) (Table 5E, 1n 23; Table 9, 1n 14). Treatment
of the guts with TGM or ES extracts from 2 C. sapidus acclimated to
404 sea water caused a reduction in permeability to water (i.e., 2.03
to 1.27 or 2.03 to 1.37). However, due to the variability of the
tissue response, the water permeability of the guts treated with
extracts from C. sapidus did not prove to be significantly lower
(P< .1, P» .05) than the water permeability of the controls (Table 5E,
1n 25, 26). | -

G111l and gut tissues of C. sapidus acclimated to 100% sea water
were treated with extracts made from tissues of C. sapidus acclimated

to 100% sea water and C. sapidus acclimated to Lo% mea water. The %
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saturation values are presented in Tables 8 and 9 and Figs. 9 and 10.
The % saturation values of both gills and guts for the NM controls
were not significantly different from the tissues that did not receive
extracts (P) .05) (Table 5E, 1n 1, 1k4; Tables 8 and 9, 1n 1, 2). The
water permeability of the gill fissues was reduced significantly when
extracts of TGM from 4 C. sapidus scclimated to 100% sea water ( P¢.00L)
or TGM from 2 C. sapidus acclimated to 40% sea water (P< .05) were ‘
added (Table 5E, 1n 2, U; Table 8, 1n 4, 6). Extracts of the ES of
C. sapidus acclimated to both 1004 (P> .05) and 4o% sea water (P<O0.1)
reduced the permeability; however, the differences were not signifi-
cant (Table 5E, 1n 3, 5; Table 8, 1n 3, 5). The THO influx of the
gut tissue was not reduced significantly (P> .05) by the addition of
any of the extracts (Table 5E, 1n 15-18; Table 9, 1n 3-6). The TGM
extract of C. segidus' acclimated to 100% sea water did reduce the
permeability; however, the difference was not significant (Table SE,
1n 15).

The tissues of C. sapidus acclimated to 140% sea water were treated
with extracts from the tissues of C. sapidus acclimated to 404 sea
water (Tables 8 and 93 Figs. 1l and 12). The % saturation values of
both the gills and guts do not vary significantly from the values of
the water control (P>.05) with the addition of any of the extracts
(TGM, ES, or NM) (Table 5E, 1n 6-8, 19-21; Tables 8 and 9, 1n 8-10).
Extracts from the TGM and ES reduce the permeability to water but
not significently (Table 5, 1n 7, 8, 20, 21),

The water permesbility of both the gill and gut tissues of

C. sag‘ idus and L. emaigiriata is affected by extracts made from the
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TABLE 5E

Effects of neuroendocrine extracts on the water permeability of the gill and gut

tissues of C. sapidus and L. emarginata.
Experimental Conditions Tissue 4% sat. P

1. C. sapidus 100% control vs MM extract C. sapidus 100% Gill 1.8 2.05
2., €. sapidus 1004 control vs TGM extract C. sapidus 100% Gill 12,4 <.00L
3. C. sapidus 100% control ve ES extract C. sapidus 100% Gill 4.2 .05
4, C. sapidus 100% control vs TGM extract C. sapidus Lo% Gill 9.1 Z.05
5. C. sapidus 1004 control ve ES extract C. sapidus 404 Gill 6.4 <.10
6. -g- sapidus 404 control vs MM extract C. sapidus L40% Gill 0.k .05
7. C. sapidus 40% control vs TGM extract C. sapidus 40% Gill 2.0 ».05
8. C. sapidus 40% control ve ES extract C. sapidus k0% Gill 1.3 >.05
9. L. emarginata 100% control vs NM extract L. emarginata 100% Gill 0.6 2.05
10. L. emarginata 100% control vs TGM extract L. emarginata 100% Gill 12.5 £.05
11. L. emarginata 100% control vs ES extract L. emarginata 100% Gill 1.1 ».05
12. L. emarginata 100% control vs TGM extract C. sapidus Lo% Gill 21.9 <.00L
13. L. emarginata 100% control vs ES extract C. sapidus %0%- Gill 15.0 £.05
14, C. sapidus 100% control vs 1M extract C. sapidus 100% Gut 0.05 % 05
15. C. sapidus 100% control vs TGM extract C. sapidus 100% Gut 0.5 ».05
16. C. sapidus 100% control vs ES extract C. sapidus 100% Gut 0.3 >.05
17. C. sapidus 100% control vs TGM extract C. sapidus 404 Gut 0.08 205
18. C. sapidus 10C% control vs ES extract C. sapidus 40% Gut 0.4 ».05
19. C. sapidus L0% control vs MM extract C. sapidus L40% Gut 0.5 .05
20. C. sapidus 40% control vs TGM extract C. sapidus 40% Gut 0.4 .05
21. C. sapidus 40% control vs ES extract C. sapidus %0% Gut 0.3 >05
22, L. emarginata 100% control ve M extract L. emarginata 100% Gut 0.5 >.05
23. L. emarginata 100% control vs TGM extract L. emarginata 100% Gut 1.1 .05
2k, L. emarginata 100% control vs ES extract L. emarginata 100%. Gut 0.3 $.05
22. L. emarginata 1004 control vs TGM extract C. sapidus LO% Gut 0.8 <.10
26. 1.

emarginata 100% control vs ES extract C, sapidus 404 Gut 0.7 2.05
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neuroendocrine tissues. TGM extracts appear to have the greatest
effect on water permesbility, lowering it a8 much as 21.9% of the
original value. The greatest overall effect on water permesbility
occurs when the gills of an osmoconforming species, L. emarginata,
are treated with extracts from an osmoregulating speéies, C. sapidus,

that is acclimated to a lower salinity.
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DISCUSSION

SEASONAL EFFECTS

There are many studies in the literature that suggest seasonal
variations in the physiological responses of decapod crustaceans,
Mantel (1965) and Lynch et al. (1973) state that serum chloride,
sodium, end osmotic concentrations of C. sapidus are higher in the
winter and lower in the spring and summer months., Weber and
Spaargaren (1970) found that temperature affected the osmoregulatory

ability of Crangén crangon, Kamemoto (1976) states that seasonal

cycles may contribute to the variations workers have observed in their
studies of the neuroendocrinology of osmoregulation,

Comparison of the water permeability of the gill and gut tissues
of C. sapidus and L. emarginata in the summer and winter also suggest
a seagsonal effect, The THO influxes were observed to be much lower
across the tissues of winter animals than across the tissues of
summer animals, The reduction of water permeability of C. sapidus
coincides with the reduction of ATPase activity in the gill tissues
that has been observed by Mantel éhd by Towle (personal communication).
It also appears to correspond with a reduction in the general activity
of this species during the winter months, Warner (1976), in his book
on the natural history of C. sapidus, reports that when the water
temperature drops in the winter, crabs are known to burrow into the

mud and to cease almost all activity until late spring. The natural
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history of L. emargi'na.ta is not as well known as that of C. sapidus,
In general, however, L. emarginata inhabits deeper water and is a
less active crab than C. sagidﬁs. The .seasonal reduction in permea-
bility is not as great in L. emarginata as it is in C. sapidus and
this may reflect the more sluggish life style and deeper habitat of
L. emarginata.

‘ Mantel (1968) has demonstrated that the neuroendocrine levels at
different stéges of the molt cycie affect the watgr permeability of
the isolated gut tissue of G. lateralis. Hinsch (1972) states that
female L. emarginata molt in the 1abora.'toryb from ia.te August through
Septembér. C. sapidus is also not known to molt in the winter in
northern 1atitudes. .Therefore s it may be‘ that hormones involved in
maintaining animals it"l: the C-4 or intermolt stage during the winter
mey affect the water permeability of ionically active tissues.

The osmolality values for C. sapidus do not indicate the seasonal
shifts suggested by Iynch (1973) and Mantel (1965). There are no
significant differences between the seasonal osmolalities in this
study. However, Lynch made measurements on fi'eshly caught, naturally
occuring' vopulations of C. sagiduﬁ. Mantel maintained the animals in
the lsboratory for U-5 days before experimentation., The crabs in “he
present study were maintained in the test salinities at 15° C for a
minimum of two weeks before the hemolymph was sampled. This may
account for the lack of seasonal differences between the hemolymph
and the medium, Also the animals that Lynch sampled came from
popuie:bions in water that had a mean osfnola.lity which was lower that
that of water of the salinity used in the present study.l Therefore,
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the osmolality of the hemolymph of erabs from natural populations in

more saline water is not well documented.

THO DIFFUSION WITH AND WITHOUT AN OSMOTIC GRADIENT
ACCLIMATION

The results of this study show that in both seasons osmotically
active tissues such as the gill and gut exhibit a reduction in
permeability when either C. irroratus or C. agidu is acclimated to
a lowver salinity. It is difficult to meke comparisons of these
results with those found in the literature because most of the other
data were obtained from whole animals. However, the reduction in
tissue permeability to water upon acelimation agrees with the re-
duction in whole animal permesbllity to water observed by workers on
other euryhaline decapods. Smith (1967) and Capen (1972) have both
reported that R. harrisii significantly lowers its apparent permea-
bility to water on acciimation to lower salinities. Smith (1970)
found that C. maenas shows a reduction in apparent permedbiiity in
50% sea water and Smith and Rudy (1972) state that H. nudus also shows
a reduction when acclimated to 60% sea water.

Capen performed a study that examined the DoO uptake by the body
and the isolated gills of the decapod R. harrisii. He found that when
crabs are acclimated to 109 sea water the permesbility to water of the
whole animal is reduced compared to the permeability of the animal in

75% sea water. However, the isolated gill preparations show the
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'opposite results; that is, gills in the lower salinity show increased
water uptake. The contradiction between Capen's data on the isolated
gills and the pi'esent data may be explained by the methods that were
used. Capen's method consisted of suspending a whole gill in a D20
labeled bath for a period of time and measuring the amount of label
that accumulated in the whole gill tissue., This is essentially the
same method that was used for the muscle tissue in the present study.
Therefore, Capen was measuring the diffusional water uptake into the
intracellular and extracellular spaces of the whole gill, A greater
osmotic gradient exists between the external medium and the gill
tissue in an osmoregulating crab acclimated to 10% sea water than in
a crab that is osmoconforming to 75% sea water. Therefore, high water
uptake by the cells of the gills in the lower sal:inity might be
expected because of the greater disparity in osmolality between the
cells and the external medium. The gill tissue in the present study
is perfused in such a manner that the diffusional influx of THO across
the gill membrane and not the water uptake by the cells is béing
measured. This is more reflective of the system as it operates in
vivo, as it ensbles changes in the water movements across the gill to
be quantified.,

The results of the percent saturation values for the muscle tissue
at the different acclimation salinities do not suggest any clear
patterns. There 18 no significant difference in the THO uptake in
C. irroratus acclimated to 100% or 40% sea water. The cells of the
muscle tissue of this species may be able to operaté physiologically

only if there is a relatively constant amount of water present in the
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tissue. The percent saturation values of the muscle tissue of
C. sapidus acclimated to 4O% sea water sre significantly higher than
the values of C. sapidus acclimated to 100% sea water. Perhaps the
¢ells of this euryhaline decapod are able to tolerate a greaéer amount
of water either in or around them and still operatg efficently. There
is also the possibility that the in vitro muscle tissue is not exposed
to neuroendocrine factors that may control the permeability in vivo in

an osmoregulating crab acclimated to 40% sea water.
STRESS

The muscle tissue of the three species of decapods responded to
an osmotic stress by significantly increasing the amount of THO that
was taken in (Table 5B). This response is predictable based on the
previous work that has been done on isolated muscle fibers and axons
of C. sapidus. Lang and Gainer (1969) in their classic paper, observed
that isolated muscle fibers from C. sapidus placed in hyposmotic media
swell within the first five minutes to a peak and gradually, over
several hours, return toward their normel volume. Gerard (1975) and
Gerard and Gilles (1972) have demonstrated the same pattern of volume
regulation on isolated axons of the same species, The subsequent
decrease in cell volume appears to be due to the loss of free amino
acids (Potts and Parry, 1964; Schoffeniels and Gilles, 1970; Gerard
and Gilles, 1972). The changes in amino acid concentrations are the
result of an active process that is responsible for the regulation of

cellular volume during an osmotic stress. Schoffenlels and Gilles
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(1970) do not believe that cellular volume regulation is under hormonal
control; however, Tucker and Costlow (1975) suggest that ES factors may
affect the free amino acid changes in the larvée of C. sapidus. The
time course of the present experiment (10-45 minutes) was shorter than
the several hours needed to observe the return toward normal volume.
Thus, all of the percent saturation values of the muscles in the
stressed osmolality are significantly above the values of the muscles
in the control osmolality.

The present set of experiments measured total uptake of THO by the
whole piece of muscle tissue., It was impossible to distinguish whether
the THO was taken up intracelluarly or extracellularly. However, work
in the literature shows that the extracellular spaces do not vary upon
exposure to hyposmotic media., Seibers and Lucu (1973) demonstrated
that the extracellular spaces of C. maenas do not differ significantly
in response to external salinities. Iockwood asnd Inman (1973 A, B)
also found that the extracellular space of the amphipod g. duebeni
remained constant after the animals had been acclimated to a wlde range
of salinities., Iang and Gainer (1969) examined the extracellular space
of the isolated muscle fibers that were maintained under different
salinity conditions for 6 hours at 20°C and found the spaces to be
unchanged. These data suggest that the increase in THO influx into
the muscle tissue of the three species of decapods was due to the
initial increase in cell volume because of the hyposmotic stress.

In all three species of crabs that were examined, there are no
significant changes in water movement across the gill or gut tissues

when they are exposed to a salinity stress. The difference between
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the response of the muscle tissue and that of the gill and gut tissues
may be explained by the methods that were used. The method that was
employed on the muscle tissue measured the THO upﬁake of the cells of
the muscle., The method that was used on the'gill and gut tissues
measured the movement of THO across thevepithelium from the medium to
the hemolymph side of the‘gills and from the lumen to the hemolymph
side of the gut. The method did not measure the THO uptake by the
cells of these tiséués.‘ The cells of the gill and'gut have a cuticle
that separates the cell membrane from the external environment. How-
ever, the muscle tissue has no cuticle that might affect the diffﬁ-
sional permeability of the tissues, The cellular membranes of tissues
that have a cuticle may behave differently or with a different time
course from tissues that do not possess a cuticle.

Capen (1972) showed that R. harrisii acclimated to 75% sea water
and stressed with 10% sea water exhibited a decrease in water uptake
by the whole animal. However, the present experiments show that
epithelial tissues guch as the gill and gut do not respond to an
osmotic stress by changing their diffusional permeability to water.
The individual cells of the epithelial tissues may be responding as
the cells of the muscle tissue do by lncreasing thgir cell volume and
then lowering it by reducing the amino acid concentrations
(Schoffeniels and Gilles 1970; Gerard and Gilles, 1972). However, this
process is undetectable in the present experimental deéign} Also, the
free amino acid changes in the gill tissue'have been reported to be
small (Gerard and Gilles, 1972) and Haberfield and Hass (1975) have

shown that they may not occur within two hours. The lack of osmotic
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response to an osmotic stress in the isolated tissue preparation may
occur because there is no exposure of the tissues to the central
nervous system or to the hemolymph, where factors that may affect the
permegbility of the membranes might be found. Therefore, it is
possible that changes in the permeability to water across the gill

and gut after an osmotic stress may occur in vivo but not in vitro.

SITE OF WATER UPTAKE

Hannen and Evans (1973) and Capen (1972) have suggested that the
gills are responsible for the differences in water uptake in different
salinities. This suggestion seems to be supported by the present
experiments since values for hourly water exchange (X) of several

whole animals (e.g., C. meanas, R. harrisii, H. nudus) compare favor--

ably to the values for the isolated gills of‘g. irroratus and

C. sapidus, However, Cornell (197l) has reported a K value of 8.49
for whole L. emarginata in 100% sea water., In the present study, the
isolated gills have a K value of 1.39 at the same salinity. These
findings do not support the hypothesis that the gills are the main site
for water uptake in this crab. However, the observed increase in
permeability of the carapace with increased stenohalinity (Gross, 1957)
may account for some of the differences between the whole body and the
gill values. L. emarginata, an osmoconforming, stenohaline crab would
be expected to have a more permeable carapace. The gills, therefore,
would account for less of the total percentage of the water taken in.

As osmoregulators, C. irroratus and C. sapidus would have less
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permeable exoskeletons; thus their gills would have exchange rates that

would more closely approximate the rates for the whole body.

TIME COURSE

In all crabs examined, there are no significant changes in THO
movement with time for the gill, gut and muscle tissues. In most
cases, the THO influxes increased with time. However, the increases
were small, and there was high within-group variation, Some of the
variability of the percent saturation values of the muscle tissue
results from the treatment of the tissue. Muscles were dissected away
from the carapace and cut into several pieces, This manipulation
causes damage to the cells and allows cut fibers to be exposed to the
experimental media, The small increases of percent saturation values
with time suggest that the perfusion system of the epithelial tissues
and the cells of the muscle tissue were tending toward a steady state
based on the characteristies of the membranes involved. It appears
that the maximum amount of uptake of THO occurs within the first hour
for the gills, within the first 30 minutes for the gut and within the

first 10 minutes for the muscle tissue,

SPECIES DIFFERENCES

There are no differences in the percent saturation values of the
gill tissues among the three species of decapods studied at an

acclimation salinity of 100% sea water in the summer season. In 100%



71
sea water, during the summer, the gut of L. emarginate has percent
saturation values that are lower than those of the other two species.
The significance of this is not possible to assess at this time. 1In
the winter, however, the permeability of the gills and gut of
L. emarginata is higher than the permeability of the gills and gut of
Q..sapidﬁs. The permeability of the tissues of both species drop in
the winter, and the greatest differences in percent saturation values
between the summer and the winter occurs in C. sapidus. The differ-
ences between the species appear to be correlated to the seasonal
reduction in responsé of the two species,

At 40% sea water C. sapidus and C. irroratus gill and gut also
have the same permeability to water. However, the osmolality values
show that after acclimation to 40% sea water, C. sapidus is hyper-
osmoregulating to a greater extent than C. irioratus. These data
suggest that the total osmoregulatory ability of a given species does
not correlate solely with the water permeability of that species.
This indicates that there are other factors involved in the response
to an osmotic stress, such as active transport of salts and shifts of
amino acids., (Croghan, 1958; Copeland, 196l; Mantel, 1967;
Schoffeniels and Gilles, 1970).

Reduction in water permeability of the epithelial tissues upon
acclimation appears to be a generalized pattern that is part of the
total osmotic response of C. irroratus and C. sapidus to a change in
galinity. This mechanism is of obvious advéntage to an animal that
inhabits an estuarine environment because such a reduction in input
of water would limit the work necessary to balance the osmotic influx

of water.
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The response of the muscle tissue of the three species of decapods
to an osmotic stress of 10% also appears to be a generalized pattern.
The increase in THO uptake by the stressed muscle tissue corresponds to
the behavior of stressed individual muscle fibers (Lang and Gainer,
1969). The changes in volume observed would be followed by the amino
acid shifts that are necessary for intracellular isosmotic regulation.

Seasonality also effects the THO influx across the gill and gut
tissues of C. sapidus and L. emarginata. The THO influx is reduced in
the winter and increased in the summer season. These changes in
permesbility may be related to the general activity and the neuroen-

docrine state of the animals in the different seasons.

NEUROENDOCRINE EFFECTS

Work by Scudamore (1947), Kamemoto and Tullis (1972), Tullis and
Kamemoto (1974), Mantel (1968), and Heit and Fingerman (1975) and
others has established the presence of central nervous system (CNS)
factors which affect the salt and water balance of decapod crustaceans,
The results of this study show that CNS factors from the TGM and the ES
decrease the water permeability of isolated gill and gut tissues of an
osmoregulating and an osmoconforming decapod. The ES and TGM of
crustaceans have heen shown to contain cells reéponsible for neuro-
secretory activity (Bliss and Welch, 1952; Bliss et, al., 1954; Bliss,
1951; Passano, 1951). The results of this studr suggest that more
neurohormones that éffect the reduction in water permeasbility are

produced or stored in the TGM than in the ES, since the greatest
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reduction in water permeability occurs when tissues are treated with
TGM extracts (Table SE). The gill tissue also appears to be more
sensitive to the neurohormonal extracts than the gut (Table SE). Many
workers such as Maddrell (1962) have found that insect gut is partie-
ularly sensitive to neurohormones. Mantel (1968) has shown that
isolated guts of G. lateralis respond to extracts made from the TGM of
the same species, Mantel did not examine the permeability of the
isolated gills of this species, However, the gills of the land crab
are in a branchial chamber that is filled with air, not water; there-
fore, the gut of this species inight be expected to play a more im-
portant role in hydromineral balance, as it does in insects. 1In fully
aquatic crabs, the role of the gills as a major site of salt and water
balance is well documented (Crogan, 1958; Copeland, 196L4; Mantel,
1967). Hannen and Evans.(1973) have calculeted that the gills of
U. pugilator are responsible for 86% of the THO influx. Therefore, it
is understandable that the gill tissue of the crabs tested exhibit
greater changes in THO influxes than the gut tissue when treated with

neuroendocrine extrécts.
L. EMARGINATA

The permeability of the gill tissue of L. emarginata was reduced
gignificantly by extracts of the TGM and ES made from L. emarginata
and C. sapidus. The permeability of the gut was reduced significantly
by TGM extracts from 4 L. emarginata (Table SE), It is interesting

that the neurohormonal éxtracts necesséry to reducé the permeability
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of the epithelial tissues are present in the tissues of a crab that
inhabits a fully marine environment and that is reported to be an
osmoconforme£ (Gilles, 1970). Scudamore (1947); Bliss et. al., (1966);
Mentel (1968); Carlisle (1955) and many others have demonstrated
neuroendocrine regulation of ecdysial water balance in many species of
crustaceans, Thus, there is a possibility that neuroendocrine factors
that affect the movement of water at the time of ecdysis are the same
as or similar to the factors that affect the water permeability
throughout the molt cyecle. Therefore, it is conceivable that an
osmoconforming crab, such aslg. emarginata would, throughout its molt
cycle possess some of the neurchormones that control water transport
in the stages surrounding ecdysis., L. emarginata is also known to
undergo intracellular isosmotic regulation when exposed to a hyposmotie
medium (Gilles,.l970). This implies that there are amino acid shifts
in the tissues. Tucker and Costlow (1975) suggest that ES factors
affect the free amino acid changes in the larvae of C. sapidus, there-
fore, it is also possible that the neurohormonal factors present in
L. emarginata affect the intracellular isosmotic regulation.

The lergest decrease in THO uptake occurs when the gills of
L. emarginate are treated with extracts from the TGM of 2 c. sapidus
acclimated to 40% sea water. This is to be expected, since an osmo--
regulating crab in a reduced salinity has a low permeability to water
(Smith, 19703 Capen, 1972) and according to my results seems to have
a greater amount of neurohormones present in its neurosecretory
system. The results are different when the permeablility of the gut

tissue is examined. The only significant drop in the THO influx occurs
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when the gut tissue of L. emarginata is treated with TGM extracts from
l L. emarginata. The THO influx is reduced when extracts from
C. sapidus are added but not significantly (Table 5C). The gut tissue
appears to be more sensitive to extracts from the same species. How-
ever, if the dose of extracts from C. sapidus was increased, a greater
reduction in permeability might be ef‘fected.

The present results indicate that the effects of the extracts are
not species specific, since the extracts from C. sapidus affect the THO
influx of the tissues of L. emarginata. This agrees with the results
of Remamurthi and Scheer (1967) who have shown that extracts from the
prawn P, jordani affected the ha* efflux of H. nudius. Tullis and
Kamemoto (1974) also found that extracts from T, crenata lower the
permeability of the crayfish P, claricel, 1In a later paper, however,
Kamemoto states that CNS extracts from the fresh water crayfish did
not have the same effect on the water permeability of marine crabs.

L. emarginata is a marine crab and C. sapidus is more of an estuarine
animal. However, these differences in habitat and osmoregulatory
ability do not seem to change the actlon of the neurohormones on the

tissues.
9_ . SAPIDUS

The THO influxes across the gill and gut tissues of C. sapidus
acclimated to 40% sea water are not reduced significantly when treated
with extracts made from 4 C. sapidus acclimated to 40% sea water. The

THO influx is reduced somewhat when the tissues are treated either with
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TGM or ES extracts, however, the THO influx of these tissues is very
low (mean % saturation = 6.6) without extracts. Therefore, a further
reduction in permeability may be impossible. The mechanism of
neurohormonal action is unknown, However, these experiments suggest
that whatever mechanism is responsible could reach a saturation point
beyond which an excess of neurohormone has no effect. A

The permeebility of the gill tissues of C. sapidus acclimated to
100% sea water is reduced significantly when treated with TGM extracts
from U4 C. sapidus acclimated to 100% sea water and from 2 €. sapidus
acclimated to 40% sea water. The greatest change in percent saturation
occurs on treatment with extracts from L C. sapidus acclimated to 100%
sea water. Preliminary experiments examined the permeability of the
gill and gut tissues of C. sapidus treated with extracts made from
2 C. sapidus acclimated to 100% sea water. Under these experimental
conditions there were no differences between the tissues treated with
extracts and the water controls., Therefore, the dosage was increased
by using extracts from 4 instead of 2 animals. The inéreased dosage
of TGM extract resulted in a decrease in the THO influx across the gill
tissue. The ES extract did not result in a decrease. These date
suggest that some of the neuroendoerine factors are present even when
this species is osmoconforming in 100% sea water. Treatment of the
gill tissue with extracts made from 2 C. sapidus acclimated to L0%
sea water decreases the THO influx. The TGM extracts reduce the
permeability significantly; the ES extracts reduce the permeability,
but not significantly (Table 5C), These results indicate that more,

or stronger, neurohormonal factors are present in animels that are
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osmoregulating, since extracts from 2 animals produce a significant
effect, If the dosage was increased to extracts made from L
C. sapidus acclimated to 40% sea water, a greater change in permea-
bility pfobably would have been effected, The permeebility of the gut
tissue 6f C. sapidus acclimated to 100% sea water was not reduced
significantly by treatment with any of the extracts. This agrees with
the general pattern of reduced sensitivity of the gut tissues of the
two species to the neurohormcnel extracts., The largest reduction in
THO influx, however, occurs when the gut tissue is treated with
extracts from the TGM of 4 C. sapidus acclimated to 100% sea water
(p .1). This is the same treatment that causes the greatest reduction

in the THO influx of the gill tissue. Increasing the dosage of

extracts from animals acclimated to 40% sea water from 2 to 4 most

probably would reduce the THO influx to a statisticelly significant
level,

Kamemoto (1976) in his review paper indicates some of the incon-
sistencies in the results obtained when extracts of GNS tissues are
injected into whole animals. 1In some instances, extracts from the
game neuroendocrine tissue appear to have the opposite effect.
Kamemoto and Tullis (1974) and Tullis (1975) have separated extracts
from the TGM and the brain of the euryhaline decapod T. crenata. They
report the presence of two fractions, a water-soluble fraction that
decreases the THO influx of the whole animal.and the gills and an
acetone~soluble fraction that increases the THO influx. Crude extracts
probably contain multiple hormonal factorsj this has been shown in the

chromatophore controlling hormones (Rao et. al.,, 19673 Fingerman
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et, al,, 1971). Bliss et. al,, (1966) have also suggésted the presence
of a diuretic and antidiuretic hormone in G. lateralis.

The CNS tissues in the present study were extracted in water. The
results of the THO influxes of the 1solated tissues treated with these
extracts agree with the results that Kamemoto and Tullis observed on
whole animels; that is, there was a decrease in water influx upon
treatment with CNS extracts. However, Mantel (1968) shows conclusively
that TGM extracts increase the THO influx across the isolated gut of
G. lateralis. She also states that boiling the extract destroys its
activity. All extracts in the present experiment were bolled for 10
minutes before being used; this could account for some of the differ-
ences in the observed effect of the extract, The concept of multiple
hormonal factors has been discussed sbove. Perhaps unboiled crude
extract contains more of the factors that tend to increase the water
permeebility. In addition, Mantel's experiments were carried out on
G. lateralis, the true land crab. This species is adapted to a
terrestrial existence, since the only time that it must return to
water is to shed its eggs. Therefore, this species is adapted to live
in an environment that imposes different physiological constraints
than does an aquatic environment, It is likely that the neurohormonal
system that is present in any given species of decapod has evolved to
cope with the physiological problems of that species. Therefore, it
is conceivaeble that extracts from the CNS tissues may have the opposite
effects on the same tissues from different species of crabs which are
adapted to live in radically different environments, Kamemoto (1974)

and Kamemoto and Tullis (1972) have partially isolated a factor that
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when injected into crayfish, causes an increase in the concentration
of salts in the hemolymph and an increase in the Na influx, This
factor is found in the CNS of fresh water decapods or in terrestrial
decapods associated with fresh water and is not found in marine
decapods. Extensive work must be done in order to obtain purified CNS
extracts that can be tested in whole animal and on isolated tissue in
order to determine the effects extracts have on the same tissues of
different species.

The reduction of water permeability of the gill and gut tissues on
treatment with neuroendocrine extracts appears to be consistent for the
two specles of crabs that were studied, Both the osmoconforming and
the osmoregulating species possess hormonal factors concentrated in
their neuroendocrine tissues when they are acclimated to 100% sea water
or to 40% sea water, However, the crabs that were acclimated to 40%
sea water appeared to have a greater concentration of the neuroendocrine
factors since these extracts generally produce the greatest change in
permeability to water. The neuroendocrine factors were not species
specifics the extracts ffom‘g. sapidus caused changes in the water

permeability of the tissues of L. emarginata,
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SUMMARY

Cancer irroratus, Callinectes sapidus, and Libinia emarginata are

osmoconforming when they are acclimated to 100% sea water.

C. sapidus and C. irroratus are hyperosmoregulating when they are
acclimated to 40% sea water. C. sapidus is the stronger regulator.
C. sapidus and C. irroratus can reduce the water permeability of
their epithelial tissues on acelimation to a lower salinity.

The muscle tissue of C. sapidus and C. irroratus exhibit no
generalized change in permeabilify on acclimation to a lower
salinity.

The gill and gut tissues of all three species of decapods do not
exhibit any change in permeability to water in response to a

10% osmotic stress.

The THO uptake of the muscle tissue of all three species of
decapods subjected to a 10% osmotic stress is significantly higher
than the THO uptake of muscle tissue mt subjected to an osmotic
stress. This 1s probably related to changes in cell volume
associated with intracellular isosmotic regulation,

Seasonality affects the influx of THO across the gill and gut
tissues of L. emarginata and C, sapidus. The THO influx is
reduced in the winter, this correspdnds to the reduction in
general activity of both species,

Neurocendocrine extracts from the TGM and ES reduce the permeability

to water of the gill and gut tissues of both species,
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9. Both L. emarginagta and C. sapidus acclimated to 100% sea water
have hormonal factors present in their neuroendocrine tissues.
10. C. sapidus acclimated to 40% sea water appeared to have more or
stronger hormonal factors in its TGM since extracts of TGM
generally caused the greatest reduction in permeability to water.
11, The neuroendocrine factors were not species specific in their
action.
12, The gill tissue exhibited a greater response’ to the neurchormonal

factors than the gut tissue.
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